In direct analogy to the electronic band structure found in semiconductors and the photonic bands for light in a medium with a periodic dielectric constant, a periodic density variation in a fluid can give rise to sonic frequency passbands and band gaps. Hence, a fluid medium can be constructed that prohibits sound propagation at certain frequencies while allowing practically free propagation at others. The effect of a sonic band medium on a monopole acoustic source is discussed in a simple one-dimensional model. In particular, the complete quenching of radiated power is seen for a harmonic radiator at a frequency that corresponds to a band gap--in analogy with a similar effect that is predicted for the atomic emission of electromagnetic waves in a photonic band structure. The ability to construct a medium that selectively prohibits sound propagation and emission in a certain range of frequencies, while allowing transmission and enhanced radiation rates at others, could have interesting practical applications.
INTRODUCTION
One of the most fruitful concepts in solid-state physics is that of the electronic band structure of semiconductors.
• The basic idea is that the wave function of an electron moving through a periodic three-dimensional potential cannot have an arbitrary wave number k, but rather is confined to move in electronic energy bands where the dispersion relation connecting k to the electron total energy E has in fact a solution. Although many important features of electronic band theory depend explicitly on a quantum treatment, the existence of the band structure itself depends on quantum mechanics only indirectly in that an electron is treated as a scalar wave with a wavelength given by the De Broglie relation A = h/p, where h is Planck's constant andp the electron momentum. Since the existence of passbands and band gaps depends only on the solution of a scalar wave equation in a periodically varying potential, one would expect to find band structure generally in the study of wave propagation in a periodic medium.
Very recently there has been a great deal of excitement in the optical community concerning the extension of these ideas to electromagnetic waves, a process that has led to the theory and experimental realization of photonic band materials and photon localization in these materials? Even though the word "photon" appears, the effect is primarily classical and depends upon the solution of the electromagnetic wave equation in a material with a periodically varying dielectric constant. TM So saying, it would seem that one should be able to realize "sonic" bands and band gaps in, say, a fluid with a periodically varying density. (Alternatively, one could consider pressure variations so long as the net effect is that the speed of sound varies periodically.) We shall show here that, in principle, this is indeed possible. In the case of photonic materials, one of the more interesting and perhaps practical properties of the photonic band structure is its ability to alter the radiative properties of excited atoms that are undergoing decay. In fact, atoms that would normally radiate at a frequency corresponding to a photon band gap will have their radiation rate quenched--they cannot decay. Atoms in the photon band on the other hand can have enhanced emission rates. 
In this work
where (•=x/d) such that the usual completeness relation holds, namely, From this we can obtain the power P(t) emitted at time t by where it is assumed throughout that co (and hence fl) is related to the propagation wave number k through the dispersion relation. In the band gap, we have Iqk (Xo)12=0 and no steady-state radiative power flux occurs.
_•d•½•. (•')½• (•) = •(k' -k), (15) for all k and k' that are in the frequency passbands allowed by the dispersion relation ( 13 ). In other words, if k is in a band gap then A-----B----O and only the trivial solution • (x) =0 is permitted for
In order to compare the power output in the lattice to the bulk medium (one-dimensional) steady-state power, we take the bulk medium, plane-wave, normal-mode wave func- For a $ function strength of g = 2, we plot in Fig. 3 a  two-dimensional surface p(a,•) 
